INTRODUCTION {#s1}
============

The strength of healthy bone can be assessed by continuous measurements of bone quality, bone mineral density (BMD), and bone structure[@r1], [@r2]^)^. Currently, these parameters are considered the ideal controlled measures of bone strength in normal and diseased bone cases[@r3],[@r4],[@r5]^)^. As explained from the physiology of bone, its formation is predominant during the first ten years of human growth. A previous study showed a homeostatic balance between the naturally occurring processes of bone formation and resorption among healthy humans with ages of 20--45 yrs; afterwards, in older ages a disorder in the balance state occurred via a slight increase in the resorption process, which in turn resulted in bone loss and a lower bone density[@r6]^)^.

One of the most important bone diseases is osteoporosis, which is characterized by heavy bone loss and a decrease in its strength which increase the possibility of bone fractures[@r7], [@r8]^)^.

In recent years, prevalence of osteoporosis has been increasing steadily worldwide. Osteoporosis occurs in both men and women with advancing age, especially in those over 50 years old[@r9], [@r10]^)^. It has been estimated that femoral neck fractures are increasing worldwide worldwide[@r11], [@r12]^)^.

Aspects of human lifestyle such as diet, physical activity, and day time life have positive effects up on bone health especially bone loss or osteoporosis among older people[@r13]^)^.

The change in bone contents and mass is controlled via many parameters. Genetic factors, peak bone mass (PBM), balanced nutrition, physical activity, and lifestyle risk factors (such as caffeine, tea, and carbonated beverage intakes, smoking, and alcohol consumption) represent most of the parameters that affect accumulation and maintenance of bone mass[@r8]^)^. Moreover, anthropometric data (body weight and body mass index \[BMI\]) are related factors that contribute to changes in total bone mass. Two studies have reported that high BMD is closely associated with elevated BMI in women[@r12]^)^, and that obesity significantly decreases the risk for osteoporosis but does not decrease the risk for osteopenia[@r13]^)^. Also, it was reported that increases in central body fat were negatively associated with BMD[@r14], [@r15]^)^.

Previously, it was reported that individuals with low physical activity were susceptible to bone disorders including bone loss or osteoporotic fracture[@r16]^)^. Conversely, physically active people, even those who are older ages, resist the decrease in BMD, and this reduces their risk of fracture. Furthermore, increased physical activity results in an increase in BMD and a concomitant decrease in BMI[@r15], [@r17]^)^. Many research works have reported that physical activity provides positive effects on BMD via mechanical loading mechanisms[@r18],[@r19],[@r20],[@r21],[@r22],[@r23],[@r24]^)^. For example, this clearly observed among athletes who had higher BMDs more than age-matched sedentary controls[@r25], [@r26]^)^. Thus, previously mentioned studies have reported that the importance of physical activity in reducing bone loss or osteoporosis depends on the design of exercise programs that have probable types and sources of mechanical loading mechanisms. Also, identification of the mechanisms that optimize BMD gain in young people may be the best response for osteoporosis prevention. Thus, we conducted this study to assess the possible effects of physical activity, calcium consumption and lifestyle factors on bone density and bone metabolism indices in young adult volunteers.

SUBJECTS AND METHODS {#s2}
====================

In the present cross-sectional survey study, data were collected by supervised experience data collectors during a six month period in 2012--2013. The present study examined 350 men and women who were 20--45 years old. Participants who were postmenopausal, were pregnant or had chronic diseases were excluded from this study. The subjects were grouped by age into two groups: group 1 (25--30 yrs; n = 186; 100 males and 86 females), and group 2 (31--45 years; n = 164; 60 males and 104 females). All participants signed an informed consent form before answering the questionnaire. Sociodemographic data were collected from all 350 participants. The present study received prior approval from the Ethics Committee of Rehabilitation Research Chair (RRC), King Saud University, Riyadh, KSA, under file number RRC-2012--005. All basic characteristics of the subjects are shown in [Table 1](#tbl_001){ref-type="table"}Table 1.Demographic data, total body BMD, and bone metabolism indices of the 350 subjectsAnthropometric characteristicsNumber of subjects (%), M±SDGroup 1 (25--30 yrs), n = 186Group 2 (31--45 yrs), n = 164Men, n=100Women, n=86Total, n=186Men, n=60Women, n=104Total, n=164Age26.8 ± 4.528 ± 3.228.7 ± 4.839.2 ± 5.738.9 ± 6.238.6 ± 6.8Body weight (kg)56.8 ± 7.954.7 ± 9.258.7 ± 8.654.5 ± 10.456.3 ± 11.259.7 ± 10.8Height (cm)156.5 ± 4.7162.3 ± 4.3165.2 ± 3.6167.4 ± 5.6158.4 ± 6.2164.5 ± 7.2Total body BMD (g/cm^2^)1.3 ± 0.11\*\*1. 0 ± 0.13\*\*1.6 ± 0.14\*\*1.1 ± 0.10\*\*0.96 ± 0.12\*\*1.2 ± 0.15\*\*s.BAP32.1 ± 5.2\*\*19.8 ± 4.9\*\*39.9 ± 5.2\*\*25.2 ± 6.3\*\*12.8 ± 3.7\*\*22.8 ± 2.7\*\*s. OC25.5 ± 3.0\*\*11 ± 1.6\*\*28.5 ± 8.0\*\*16.5 ± 3.4\*\*9.5 ± 2.4\*\*18.9 ± 5.4\*\*sT.Ca3.4 ± 3.1\*\*1.9 ± 0.6\*\*3.5 ± 3.6\*\*2.5 ± 2.6\*\*1.3 ± 0.5\*\*2.3 ± 2.6\*\*s-Ca++1.9 ± 0.8\*\*1.2 ± 0.4\*\*2.8 ± 0.92\*\*1.5 ± 0.8\*\*0.9 ± 0.7\*\*1.85 ± 0.5\*\*BMI (kg/m^2^)\< 18.5 (underweight)8 (8.0)18 (20.93)26 (13.97)3 (5.0)20 (19.2)23 (14.2)18.5 -- \< 23 (normal weight)70 (70.0)45 (52.32)115 (61.8)21 (35.0)22 (21.15)43 (26.2)23 -- \< 27.5 (pre-obese)18 (18.0)18 (20.93)36 (19.35)27 (45.0)50 (48.1)77 (46.95)≥ 27.5 (obese)4 (4.0)5 (5.8)9 (4.8)9 (15.0 )12 (11.54)21 (12.8)WC (cm)Normal:- WC ≤ 90 cm (males)76 (76.0)136 (73.1)42 (70.0)- WC ≤ 80 cm (females)60 (69.8)65 (62.5)125 (65.8)Abnormal- WC \> 90 cm (males)24 (24.0)50 (26.9)18 (30.0)65 (34.2)- WC \> 80 cm (females)26 (30.23)39 (37.5)BMI: body mass index; BMD: bone mineral density (g/cm^2^); sBAP: serum bone-specific alkaline phosphatase (U/I); OC: serum osteocalcin (ng/ml); s-Ca++: serum free calcium (mmol/L); sT-Ca: serum total calcium (mmol/L); WC: waist circumference. \*p \< 0.05; \*\*p \< 0.01.

Anthropometric data, body weight (kg) and height (m) were measured with a balance-beam scale and a stationary vertical height board. Body mass index (BMI; kg/m^2^) was calculated as weight (kg) divided by height squared (m^2^). Each participant was classified into one of five groups according to their BMI based on the WHO Asian BMI classifications, which are (1) \< 18.5 kg/m^2^, underweight; (2) 18.5 to \< 23 kg/m^2^, normal weight; (3) 23 to \< 27.5 kg/m^2^, pre-obese; and (4) ≥ 27.5 kg/m^2^, obese[@r27]^)^. Waist circumference (WC; cm) was measured at the minimum circumference between the iliac crest and the rib cage[@r28]^)^

The questionnaire assessed five components of lifestyle behaviors: exercise, beverage consumption, dairy food intake, smoking, and genetic bone diseases. Each component was assessed with yes/no question; if a question was answered with yes, data was collected to examine the details, type, and frequency (regularity or irregularity by indicating times per week or per month). Data for exercise, beverage consumption, and dairy food intake were assessed during the six month collection periods. Beverage consumption was subdivided into subcategories of (1) tea or coffee (caffeine containing beverages), (2) alcoholic beverages (alcohol, beer or, wine), (3) carbonated sugary beverages (such as cola beverages) or other soft drinks, and (4) milk intake. In addition, data for other supplements (such as calcium rich foods or drugs) were also collected. Quantity of beverage intake was categorized according to average units of consumption, cups or packs, per week or per month. For milk intake, the subjects were assigned to one of two groups, low (less than average) or normal (equal or more than average). Subjects with coffee/tea or soft drink intake were divided into normal (less than average) and high groups (equal or more than average).

The level of physical activity was estimated from the short form of the International Physical Activity Questionnaire (IPAQ). The data were collected as previously reported in the literature[@r29], [@r30]^)^.

Energy expenditure was estimated based on duration, intensity and frequency of physical activity (PA) performed in a typical week. The unit of measurement for energy expenditure was the Metabolic Equivalent (MET) derived from activity variables of the Global Physical Activity Questionnaire (GPAQ). The participants classified according to energy expenditure into, physically inactive (MET- minutes/week of ≤ 500, n=25), moderate PA (MET minutes/week of 500--2,500, n= 25), and physically active (≥ 2,500 MET- minutes/ week; n= 25).

Test-retest reliability was assessed for two time points with an interval of 7 days between the two assessments (time 1 and 2). Internal consistency was calculated using Cronbach's alpha (α) for the five components of lifestyle behaviors in the questionnaire (exercise, beverage consumption, dairy food intake, smoking, and genetic bone diseases). The 7-day test-retest reliability was estimated using Pearson r and Spearman's rho statistics. It has been suggested that test-retest reliability coefficients of 0.80 or higher for these statistics are indicative of acceptable test re-test reliability[@r31]^)^. All statistics were calculated for the entire sample, as well as separately by gender.

The data regarding daily diet, such as consumption of calcium-containing foods (milk, cheese, and yogurt) and of cola beverages were collected form participants food diaries, which were coded, checked for forms, and analyzed according to Canada's food guide to healthy eating[@r32]^)^ and procedures described elsewhere[@r33]^)^.

Lumbar spine, and total and femoral neck bone BMD were measured by a lumbar, dual- energy X-ray absorptiometry device (DXA; model DPX-IQ, software version 4.7e). The variation coefficient for the evaluations of all bone sites were between 0.7% and 2.4%[@r34]^)^.

All serum samples were taken at the same time of day for all participants to determine serum osteocalcin (ng/mL), which was determined using a MicroVue Osteocalcin enzyme immunoassay (QUIDEL Corporation, San Diego, CA), Serum bone-specific alkaline phosphatase (BAP) concentrations (U/L) were measured using a MicroVue BAP immunoenzymetric assay (Quidel Corporation, San Diego, CA, USA), and serum calcium was determined by colorimetric methods with commercially available kits from Hoffmann-La Roche (Switzerland) on a Cobas Integra analyzer.

All statistical analyses were performed using the SPSS for Windows, version 16.0, statistical package (SPSS Software, Inc., Chicago, IL, USA). Firstly, the variables were analyzed in a descriptive way for means and standard deviations (mean ±SD). Repeated measures ANOVA followed by Bonferroni correction for multiple comparisons was applied for normally distributed parameters, and the Wilcoxon test and Student's t-test were applied for nonparametric parameters. An exploratory factor analysis for the components of lifestyle behavior scores were conducted to investigate which common components of the scale more effectively respond to physical activity traits. Estimation of daily calcium intake was positively biased and was corrected by its own square root (√x) before being used in the subsequent analyses. The Pearson (r) correlation coefficient was used for verification of correlations with physical traits, lifestyle, BMI, daily calcium intake, bone metabolism markers, and BMD. The null hypothesis was rejected at P \< 0.05, which was the level of significance.

RESULTS {#s3}
=======

A total of 350 subjects were involved in this study. Based on age, the participants were classified into two groups, group 1 (25--31yrs), and group 2 (31--45 yrs).

[Table 1](#tbl_001){ref-type="table"}, shows a significant increase (p \< 0.01) in total BMD in younger participants (group 1) compared with older participants (group 2). This increase is attributed to the significant (p \< 0.01) increase in bone metabolism markers, serum BAP, serum. Osteocalcin (OC), serum total calcium (sT-Ca++), and serum free- calcium(s-Ca++. However, age and gender showed a significant association with the profile of total BMD and bone metabolism markers, and there was significant change in BMD and bone metabolism markers in men compared with women in all participants groups ([Table 1](#tbl_001){ref-type="table"}). Also, the data showed that the level of bone metabolism markers correlated (p \< 0.01) positively with total BMD and negatively with stages of osteoporosis, as shown in [Table 5](#tbl_005){ref-type="table"}.

Study of the effects of BMI status revealed a significant increase in abnormal BMI in female participants compared with male in all groups. In the studied participants, the ratios of men with a normal BMI (70%; 35%) were higher than those of women (52.32%; 21.15%), respectively, as shown in [Table 1](#tbl_001){ref-type="table"}. However, abnormal BMI profiles were reported in older men (obesity; 45.0%; 15.0%) and women (pre-obesity; 48.1%; obesity, 11.54%) in all groups compared with younger men (18.0%; 4.0%) and (20.93%; 5.8%), respectively. BMI was shown to be positively correlated with total BMD and negatively correlated with the stages of osteoporosis, as shown in [Table 5](#tbl_005){ref-type="table"}. These data were supported by the waist circumference (WC) measurements, which revealed different variations in both aged groups. Although most of the subjects showed a normal WC, the proportions of men with a normal WC (more than 70%) were higher than those of women (62.5--69.8%) in both age groups. The numbers of men with a WC above normal were less than those of women ([Table 1](#tbl_001){ref-type="table"}).

After measurement of BMD, the subjects were classified into 3 groups according to their BMD status: normal BMD (T-score ≥ −1.00) and low BMD, osteopenia (−1.00 \> T-score ≥ −2.5) and osteoporosis (T-score \< −2.5). The data in [Table 2](#tbl_002){ref-type="table"}Table 2.Assessment of BMD status measured by Lunar DPX-IQ bone densitometer (software version 4.7e) in the 350 subjectsBMD Status (T-score)Number of subjects (%)Group 1 (25--30 yrs)Group 2 (31--45 yrs)Men, n=100Women, n=86Total, n=186Men, n=60Women, n=104Total, n=164Normal (T-score ≥−1.0)85 (85.0)50 (58.14)119 (72.6)34 (66.7)45 (43.3)79 (48.2)Osteopenia (−1.0 \>T-score ≥−2.5)12 (12.0)30 (34.9)42 (22.6)17 (28.3)40 (38.5)49 (34.7)Osteoporosis (T-score \<−2.5)3 (3.0)6 (6.9)9 (4.8)9 (15.0)19 (18.3)28 (17.1) show this variation in results for both genders. In younger subjects, more than 72.6% of both men and women had a normal BMD, and 22.6 and 4.8% of all subjects were found to have osteopenia and osteoporosis, respectively. However, the women aged 25--30 years showed the highest proportions of osteopenia and osteoporosis (34.9% and 6.9%). Compared with the younger groups, 48.2% of older men and women showed a normal BMD, and 34.7 and 17.1% of all subjects were found to have osteopenia and osteoporosis, respectively. However, the women aged 31--45 years showed the highest proportions of osteopenia and osteoporosis (38.5 and 18.3%).

[Table 3](#tbl_003){ref-type="table"}Table 3.Test-re-tests reliability for the components of the lifestyle questionnaire for participants with an interval of 7 days between the two assessments (times 1 and 2)Stress questionnaire ParametersFull sample (N=350)Men (N=160)Women (N=190)Pearson rSpearman's rhoPearson rSpearman's rhoPearson rSpearman's rhoSmoking0.880.890.890.810.820.86Beverage consumption0.90.800.880.930.810.81Genetic bone diseases0.860.910.920.850.870.90Dairy food intake0.890.850.910.890.900.88Exercise (physical activity)0.870.920.850.800.820.80Overall0.960.890.980.970.910.85, shows the test re-test reliability coefficients for the components of lifestyle questionnaire. The components of the lifestyle questionnaire showed strong reliability across the studied groups (Pearson r = 96; Spearman's rho=0.89). However, the test re-test reliability status of measured life style parameters was higher in men (Pearson r= 98; Spearman's rho=0.97) than in women (Pearson r = 99; Spearman's rho =0.85) at the two assessments (times 1 and 2). The data showed good reliability of the questionnaire with better results for investigating lifestyle among the studied participants.

The subjects of both the younger and older groups were asked to classify their milk consumption as "low", "moderate" or "high". The bone density values for the three groups were measured ([Table 4](#tbl_004){ref-type="table"}**Table 4.** Various lifestyle independent variables and mean bone density in the 350 subjectsVariableBMD (M± SD), (g/cm^2^)Group 1 (25--30 yrs)Group 2 (31--45 yrs)Men, n=100Women, n=86Men, n=60Women, n=104Milk consumptionLow ( \<3 packs/week)1.86 ± 0.11 (n=25)1.74 ± 0.15 (n=45)1.68 ± 0.14 (n=15)1.56 ± 0.18 (n=35)Moderate (3--6 packs/week)\*\*1.98 ± 0.12 (n=65)1.89 ± 0.16 (n=35)1.83 ± 0.16 (n=25)1.82 ± 0.15 (n=65)High (≥6 packs/week)1.76 ± 0.13 (n=10)1.67 ± 0.14 (n=6)1.67 ± 0.17 (n=20)1.64 ± 0.12 (n=4)Daily coffee / tea consumption, cups\<3 cups\*\*1.98 ± 0.13 (n=72)1.87 ± 0.11 (n=65)1.91 ± 0.17 (n=45)1.78 ± 0.11 (n=85)3--4 cups1.78 ± 0.15 (n=25)1.69 ± 0.12 (n=15)1.78 ± 0.13 (n=11)1.66 ± 0.12 (n=13)≥ 5 cups1.65 ± 0.18 (n=23)1.56 ± 0.13 (n=6)1.67 ± 0.152 (n=4)1.46 ± 0.09 (n=6)Carbonated beverage intakeNormal (\<3 cups/week) \*\*2.0 ± 0.11 (n=85)1.81 ± 0.12 (n=75)1.96 ± 0.13 (n=55)1.75 ± 0.10 (n=80)High (≥3 cups/week)1.75 ± 0.15 (n=15)1.67 ± 0.16 (n=11)1.76 ± 0.12 (n=5)1.60 ± 0.11 (n=24)Calcium intake \*\*Low (\<500 mg/day)1.86 ± 0.14 (n=12)1.85 ± 42.1 (n=7)1.87 ± 0.15 (n=10)1.78 ± 0.12 (n=35)Moderate (500--900 mg/day)1.98 ± 0.18 (n=80)1.89 ± 0.15 (n=70)1.88 ± 0.11 (n=42)1.83 ± 0.08 (n=60)High (\> 900 mg/day)1.93 ± 0.15 (n=8)1.83 ±0.17 (n=9)1.86 ± 0.14 (n=8)1.81 ± 0.11 (n=9)Smokes daily \*\*No2.1 ± 0.14 (n=90)1.85 ± 0.13 (n=84)1.95 ± 0.17 (n=55)1.75 ± 0.17 (n=98)Yes1.79 ± 0.13 (n=10)1.68 ± 0.15 (n=2)1.82 ± 0.13 (n=5)1.63 ± 0.14 (n=6)Physical activity levelLow (\< 600 MET -- min/week)1.9 ± 0.15 (n=10)1.76 ± 0.15 (n=6)1.7 ± 0.11 (n=10)1.5 ± 0.12 (n=12)Moderate (≥ 600 MET-- min/week) \*\*2.99 ± 0.17 (n=75)1.89 ± 0.12 (n=75)1.90 ± 0.15 (n=35)1.86 ± 0.15 (n=73)High (≥ 3,000 MET -- min/week) \*\*3.2 ± 0.19 (n=15)1.95 ± 0.13 (n=5)1.97 ± 0.10 (n=15)1.92 ± 0.12 (n=19)BMD: bone mineral density (g/cm^2^), \*p \< 0.05; \*\*p \< 0.01.). An analysis of variance indicated significant differences in bone density between the groups. In the 25 to 30 years old group, men and women with moderate milk consumption showed higher value of BMDs compared with those in the older group. However, the women of both groups showed a significant decrease (p=0.01) in BMD values compared with men in the same groups.

Current dietary calcium intake ranged from approximately 150 to 1,650 mg of calcium per day from foods classified as good sources of calcium (more than 75 mg of calcium per serving). The mean calcium intake for all subjects was approximately 800 mg of calcium per day. An analysis of variance indicated that there were significant differences (p=0.01) in bone density between subjects with low (less than 500 mg/d), moderate (500 to 900 mg/d) and high (more than 900 mg/d) dietary calcium intake ([Table 4](#tbl_004){ref-type="table"}). In addition, there was significant difference in bone density between younger subjects, both men and women, and older subjects.

To investigate the possible relation between bone density and other lifestyle factors (cigarette smoking, coffee or tea consumption, and carbonated beverage intake), the results of men and women from both groups were compared. A significantly (p=0.01) higher bone density was reported for men and women who did not smoke and consumed less than of three cups of coffee, tea, or carbonated beverage per day. On the other hand, a lower mean bone density was reported for all subjects who smoked and consumed higher quantities of coffee, tea or carbonated beverages ([Table 4](#tbl_004){ref-type="table"}).

The level of physical activity (PAL) appeared more important as a determinant of bone density. Subjects with moderate to high physical activity showed a significant increase (p=0.01) in bone density compared with those of with low physical activity, especially in younger men and women ([Table 4](#tbl_004){ref-type="table"}). However, a low BMD level was reported in older women compared to younger women. Physical activity was significantly correlated with BMD and bone metabolism markers according to gender and age in all participants, as shown in [Table 5](#tbl_005){ref-type="table"}.Table 5.Change in the level of bone metabolism markers and bone mineral density (BMD) in correlation to physical activity of the participants (n=350)Bone metabolism markers (M ± SD)Physical activity(IPAQ score; n=350)Group 1 (25--30 yrs, n = 186)Group 2 (31--45 yrs, n = 164)In active (n =50)Active (n = 136)In active (n =100)Active (n = 64)MaleFemaleMaleFemaleMaleFemaleMaleFemaleNumber1535855145554123BMD1.9±0.81.2±0.454.9±2.5 \*\*2.9±1.1 \*1.7±0.560.95±0.312.6±1.26 \*\*1.5±0.72 \*S.BAP12.8±2.310.2±4.238.7±8.1 \*\*21.7±6.2 \*11.5±2.88.5±2.321.8±9.6 \*\*18.2±5.3 \*S. OC18.9±6.214.9±3.732.8±9.3 \*\*23.1±4.8 \*14.9±3.411.9±3.924.7±7.9 \*\*20.1±6.9 \*sT.Ca3.1±0.850.98±0.214.9±1.4 \*\*2.4±0.95\*1.0±0.250.78±0.422.9±0.92 \*\*1.5±0.70\*s-Ca ++1.85±0.311.1±0.223.96±0.7 \*\*2.9±0.32 \*1.1±0.240.85±0.342.4±1.16 \*\*1.9±0.82\*BMD: bone mineral density (g/cm^2^); sBAP: serum bone-specific alkaline phosphatase (U/I); OC: serum osteocalcin (ng/ml); s-Ca++: serum free calcium (mmol/L); sT-Ca: serum total calcium (mmol/L); \*p \< 0.01; \*\*p \< 0.001

The correlation matrix between dependent and independent variables demonstrates that the BMDs of the studied subjects tended to increase according to body weight gain, calcium intake, BMI, age and coffee, tea or smoking habit. On the other hand, among the factors related to lifestyle, only calcium intake was negatively correlated with BMD, as reported in [Table 6](#tbl_006){ref-type="table"}Table 6.Correlation matrix between physical traits, lifestyle factors, and bone parameters of the 350 subjectsTotal body\
BMDOsteopenia\
(−1.0 \>T-score ≥−2.5)Osteoporosis\
(T-score \<−2.5)Age (years)0.52\*\*0.73\*\*0.46\*\*Gender0.53\*\*0.57\*\*0.47\*\*Body weight (kg)0.75\*\*0.65\*\*0.64\*\*BMI (kg/m^2^) (under weight and overweight)−0.67\*\*−0.48\*\*−0.58\*\*S.BAP0.82\*\*−0.53\*\*−0.26\*\*S. OC0.49\*\*−0.57\*\*−0.37\*\*sT.Ca0.95\*\*−0.95\*\*−0.94\*\*s-Ca++0.87\*\*−0.68\*\*−0.38\*\*Calcium consumption (mg/d)−0.02\*\*−0.05\*\*−0.03\*\*Smokes daily0.10\*0.09\*0.14\*Daily coffee / tea consumption0.18\*\*0.28\*\*0.13\*\*Physical activity level0.15\*\*0.11\*\*0.13\*\*BMD: bone mineral density (g/cm^2^); sBAP: serum bone-specific alkaline phosphatase; OC: serum osteocalcin; s-Ca++: serum free calcium; sT-Ca: serum total calcium.\*p \< 0.05; \*\*p \< 0.01. Body weight, BMI, age, calcium intake, smoking or coffee intake, and PAL explained from 58 to 70% of the BMD variation of the studied subjects ([Table 7](#tbl_007){ref-type="table"}Table 7.Beta coefficients and cumulative R^2\*^ values derived from stepwise multiple regression modelsFull body BMDOsteopeniaOsteoporosisR²\*(β)R²\*(β)R²\*(β)Body weight (kg)58.3 (0.57)45.7 (0.43)43.5 (0.59)Age (years)9.8 (0.25)17.5 (0.35)5.7 (0.25)BMI (kg/m^2^)3.7 (0.198)4.1 (0.27)3.96 (0.28)Calcium consumption (mg/dl)0.7 (0.08)0.9 (0.09)0.10 (0.065)Daily coffee / tea consumption and smoking (cup/d; packs/w)1.2 (--0.11)0.7 (--0.08)2.5 (--0.15)Physical activity level (MET-minutes/week)0.12 (0.011)0.5 (0.073)0.8 (0.017)ΣR2 (%)69.865.958BMD: bone mineral density (g/cm^2^) \*p \< 0.05; \*\*p \< 0.01).

DISCUSSION {#s4}
==========

Most studies have reported physical activity to be a promising nondrug modulator that enhances bone density and prevents the occurrence of bone loss and osteoporosis among children and adults[@r35]^)^. Thus, they have reported that it decreases the risk of falling among older adults[@r36], [@r37]^)^.

In this study, the BMD status of 350 healthy volunteers of both genders between the ages of 25 and 45. The subjects were classified by gender and age into two groups according to bone physiology (25--30 and 31--45 years). Data representing their anthropometric (BMI and WC) and lifestyle characteristics were collected to evaluate the correlation between them and BMD status.

Anthropometric measures such as BMI and WC are widely used as convenient indices of adiposity. Both BMI and WC were assessed to indicate the anthropometric factors of BMD. Our results showed that in the younger group (25--30 years), a normal BMI was reported in 61.8% of subjects compared with the older group (31--45 years), in which 26.2% of subjects showed a normal BMI. The older group had more individuals who were underweight (14.2 5% and 59.75%) compared with the younger group (13.47% and 24.15%), respectively.

The results of the studied subjects showed a variation in the total BMD according to both gender and age. The mean bone density was significantly higher for subjects with a mean age of 28.7± 4.8 years and especially in men with a mean age of 38.6±6.8 years compared with the other subjects. These data were supported by a significant increase in bone metabolism markers, such as sBAP, OC, sT-Ca, and s-Ca++, in males who had normal demographics and physically active compared with females of the same age group. However, age and gender showed a significant association with the profile of total BMD and bone metabolism markers. There was significant change in BMD and bone metabolism markers in men compared with women in all participants, whereas, the level of bone metabolism markers were correlated (p \< 0.01) positively with total BMD and negatively with the stages of osteoporosis present in the participants with low physical activity and an abnormal BMI. OC and sBAP have been shown to be sensitive to alterations in bone metabolism due to physical exercise. The data in the present study were in line with those of others who reported significant increases in OC and sBAP following 16 wk of resistance training[@r38],[@r39],[@r40]^)^. The data were matched with others who reported significant correlation between serum calcium and bone density in physically active persons. On the other hand, physical activity stimulates the endocrine glands which increases serum calcium and have positive effects on BMD[@r41]^)^

This prediction is supported by a previous report that concluded that body mass was a factor affecting bone accretion, and that considered body weight a strong predictor of BMD[@r42]^)^. Although it is widely known that a high body weight or high BMI is related to a high bone mass, this is not the case in our data, there are prior reports indicating that a high percentage body fat and WC were related to a low BMD and vertebral fracture[@r43]^)^, and that obesity significantly decreased the risk of osteoporosis but did not decrease the risk for osteopenia[@r13]^)^. Moreover, a recent study reported that fat mass was not beneficial to bone in adolescents and young adults[@r44]^)^. In addition, the supportive results of Guney et al.[@r45]^)^, showed that a lower BMI was associated with a low BMD and fractures. Other studies also found associations between body weight and BMD, both in girls and young women[@r46], [@r47]^)^. Bone mineralization and resistance, both in adults and children, result in stress that compresses the skeleton, and since body weight places the most constant mechanical stress on bones, the correlation between BMD and body weight is understandable[@r48], [@r49]^)^. Similarly, a previous study reported an association between age and BMD in all bone sites in adolescents[@r50]^)^.

In the present study, higher proportions of normal (73.1%) and lower (26.9%) WC data were reported in younger subjects compared with those obtained for older subjects (65.8%; 34.2%), respectively. However, more abnormal WC data were reported in women than men in both groups. This result parallels that of with Flegal et al.[@r51]^)^ who reported that both BMI and WC were considered more convenient and interrelated parameters that can serve as body fatness indicators more accurately than percentage of body fat. These anthropometric parameters suggested that abnormal BMI in men results from the increase in fat and lean mass but not the central fat. A previous report showed that bone density is closely related to fat mass in premenopausal women, but less so in men[@r52]^)^.

The BMD status of all subjects was assessed by Lunar DPX-IQ bone densitometer. The variation coefficients found in the evaluations for all bone sites were between 0.7% and 2.4%. In this study, bone status was classified into 3 groups; normal BMD (T-score ≥ −1), osteopenia (−1 \> Tscore ≥ −2.5) and osteoporosis (T-score \< −2.5).

The data obtained showed that 34.7% and 17.1% of older subjects had a low BMD (osteopenia and osteoporosis) compared to younger subjects (22.6% and 4.8%) respectively. According to gender, women of both groups showed a higher proportion of osteopenia and osteoporosis compared with men. On the other hand, older women showed a low BMD (osteopenia, 38.5%; osteoporosis, 18.3%) compared with younger female subjects (34.9%; 6.9%), respectively. Previous studies, reported that after a transient period of stability, an incessant age-related loss of bone begins. The involution of bone with the progress of age is observed in both genders, but the rate of loss is much greater in women[@r53]^)^.

Normally, adolescents and young adult's exhibit rapid growth and their bone mass should reach a maximum, however, variation in BMD values may be related to lifestyle, and recent evidence has revealed that these age groups have increased sweetened beverage consumption and decreased milk consumption, which are associated with low bone density in young adults[@r54]^)^.

Also, most articles reported that promotion of bone loss or osteoporosis emerges from the compatibility action between the remodeling and modeling processes for accrual and bone formation in childhood and adolescence. However, in adulthood, normal bone mass was conserved via a remodeling mechanism[@r55]^)^.

Our data about lifestyle behaviors of young adults indicate determinants of low bone mass; certain lifestyle behaviors are a concern, but remedying them may prevent osteoporosis in later life. However, when considering the BMD status of all subjects, we found that 26.0% and 0.11% had osteopenia and osteoporosis, respectively. The data obtained of all studied groups suggested that BMD status could be correlated with promoting risk factors of bone mass later with aging.

In addition to the anthropometric factors, lifestyle factors such as caffeine or tea intake, carbonated beverages intakes, smoking, dairy food intake, and exercise were also assessed in this study. The range of dietary calcium intake among our subjects paralleled that reported for Western populations[@r56]^)^.

Our results indicate that subjects with moderate to high dietary calcium and milk intake showed a significant increase in total BMD among both age groups. It was reported that low calcium intake among children and adolescents increased their exposure rates to bone loss and osteoporosis in adulthood[@r57], [@r58]^)^.

Milk is considered one of the most complete foods enriched with needed amounts of minerals such as calcium and essential vitamins for formation of healthy bone. It was reported in previous studies that calcium has a positive effect on bone mass formation among all ages of the population, children, adolescents, adults, and the elderly[@r59]^)^. This is due to the high levels of calcium in milk, as reported previously[@r60]^)^. Milk has been recommended for premenopausal women to provide a positive improvement in bone density[@r61]^)^.

Regarding the clinical significance of influences such as cigarette smoking on BMD, it is uncertain whether smoking causes loss of bone or fracture[@r62]^)^. However, smoking may promote postmenopausal bone loss[@r63]^)^.

The data of our study showed a negative effect of cigarette smoking on the status of BMD among older subjects especially women compared with men. The data showed a significant correlation (p=0.01) with total BMD and osteoporosis. Women who smoke cigarettes experience menopause earlier[@r64]^)^, and have a lower body weights and lower serum estrogen concentrations than women who do not smoke[@r65]^)^. In past years, there has not been enough data available concerning the effects of smoking on bone density; however, the influence may be indirectly mediated through factors such as estrogen[@r62]^)^.

Recently, research work has shown that smoking negatively affects on BMD among males, as shown by a reduction in bone density at the hip and distal and ultra distal forearm. It has also been concluded that the harmful effect of smoking is dependent on the time period rather than the dose among elderly men[@r63], [@r64]^)^.

The drastic effect of smoking habit on bone, especially the trabecular bone, and its variable effect according to gender may be related to significant changes in hormonal levels in both genders[@r65]^)^. Smoking produces significant anti-estrogenic effects among female smokers[@r66]^)^, and increased levels of free testosterone in male smokers[@r67],[@r68],[@r69],[@r70]^)^. So, in our study, the difference in the data between females and males may be related to changes in gonadal hormones caused by smoking.

In the present study, consumption of caffeine and carbonated beverages and low milk intake were considered a significant variables and potential determinants of BMD (p-value = 0.01). The data showed heavy caffeine and carbonated beverages intakes was often associated with a low BMD in subjects, and depending on the level of milk intake, this could result in bone fractures, especially in women of both age groups. This analysis is in agreement with a previous study reporting that coffee or caffeine intake was a risk factor for bone fracture depending on the level of milk intake, but only in individuals with low calcium intakes[@r71]^)^.

According to the National Osteoporosis Foundation (NOF)[@r72]^)^, people who have large amounts of caffeine intakes per day may have an increased risk of broken bones and that larger coffee intake may interfere with the calcium absorption in the intestine and in turn promotes bone loss with time. Although, Heaney[@r73]^)^ reported a negative effect of caffeine on calcium absorption that considered too small, and could be compensated with more milk and calcium uptake according to the standard values previously recommended by NOF[@r72]^)^.

Furthermore, Conlisk and Galuska[@r74]^)^ revealed that excess caffeine consumption contributed to a significant decrease in BMD in both the lumbar spine and femoral neck of healthy white women aged 19−26 years. These findings should be taken into account to protect low bone mass resulting from excess caffeine intake.

Besides caffeinated beverages, it has been widely reported that consumption of carbonated beverages has a negative effect on bone mineral accrual with poor calcium intakes. Low calcium intake among children and adolescents increases their risk of osteoporosis in later life[@r75], [@r76]^)^. Although, most of our subjects had lower intakes of caffeine and carbonated beverages (soft drinks), both factors should be a concern for young adults to maintain and promote bone health during old age. The tendency to consume these beverages increased with advancing age. A recent study by Kalkwarf et al.[@r75]^)^ suggested that the protective bone mass collection behavior is important in premenopausal women if they did not obtain sufficient calcium in their diet during the period in which they had their maximal peak bone mass. The young subjects in our study in particular should increase their consumption of milk or calcium-rich foods to promote bone health and prevent osteoporosis during aging.

Physical activity with various mechanical loadings plays an integral part in stimulating bone formation and thus aids in regulating bone size, shape, and strength[@r77]^)^.

The most important lifestyle factor recorded in this study is the type and frequency of exercise. The PAL appeared to be more important as a determinant of bone density. Subjects with moderate to high physical activity showed a significant increase (p=0.01) in bone density compared with those with low physical activity, especially in younger men and women. Most studies reported significant positive correlation between BMD and physical activity[@r19], [@r21]^)^.

Generally, most human studies have reported that mechanical loading of physical exercise produces a significant increase in BMD among athletes and tennis players compared with sedentary controls of the same age [@r22], [@r78],[@r79],[@r80]^)^. Also, supporting research data obtained from pre- and peripubertal children confirmed that physical exercise of various intensities produces a remarkable increase in BMD, as previously reported in the literature. However, the effect of physical activity has a differential effect according to age whereas in older adults, with the effect of physical activity on BMD in older adults being smaller and less consistent[@r81],[@r82],[@r83]^)^. Also, previous studies showed significant continuing increase in bone mass in exercising premenopausal young women compared to non-exercising controls[@r84], [@r85]^)^. Similarly, adolescent athletes of both genders involved in weight-bearing or high-impact activities showed higher bone densities and larger bone sizes than sedentary controls who were less active[@r86], [@r87]^)^.

Thus most studies confirmed that exercise has more positive effects on bone improvement in early periods of age that extend into adulthood to conserve bone or resist bone loss or disorder in into adulthood[@r88]^)^. Thus, exercise at younger ages appears to have a significant role in preventing bone loss or osteoporosis in the elderly. Our study confirmed these observations by clearly showing that physical activity was positively correlated with high BMD.

In summary, our study showed that BMI, physical activity, calcium and milk intake, age, and anthropometric data are factors that correlate with BMD status in young adults.

In conclusion, our data suggested that BMI and physical activity, along with other risk factors such as low milk and calcium consumption, high caffeine and carbonated beverage intake, and smoking, are also associated with BMD.
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